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Prostate cancer is the most prevalent cancer in US and European men and the  second 
leading cause of cancer death in those populations. It is somewhat unique in that 
nearly all patients who succumb to the disease will ultimately develop bone  metastasis. 
 Morbidity from bone metastasis—referred to as skeletal-related events, which include 
fractures, cord compression, radiation to bone, and surgery to bone—leads to  significant 
costs and impaired quality of life. This article reviews three agents and the roles they 
play in the ever-changing armamentarium of treatments for metastatic castrate- 
resistant prostate cancer (mCRPC). The potential benefits of these agents are discussed, 
as well as the continuing use of these agents and their earlier introduction in the 
patient with progressive mCRPC with bone metastasis.
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Prostate cancer is the most prevalent cancer in 
US and European men and the second leading 
cause of cancer death in those populations. It 

is somewhat unique in that nearly all patients who 
have the disease will ultimately develop bone metas-
tasis.1 Morbidity from bone metastasis—referred 
to as skeletal-related events (SREs), which include 
fractures, cord compression, radiation to bone, 

and surgery to bone—leads to significant costs and 
impaired quality of life. An estimated 241,740 men 
are diagnosed with prostate cancer each year in the 
United States1; between 9.5% and 17.8% of these 
patients have M0 1 M1 castrate-resistant prostate 
cancer (CRPC).2,3

Skeletal tumor burden and fracture are both inde-
pendent predictors of death in men with metastatic 
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CRPC (mCRPC).2,3 In addition, 
pain is an independent prognosti-
cator for death4; thus, agents that 
reduce pain may improve quality 
as well as quantity of life. In the 
past decade, three new agents have 
been approved in the United States 
for the treatment and/or preven-
tion of SREs in men with mCRPC. 
However, urologists continue to 
under-treat this condition.5 A 
recent clinical trial that screened 
a large population of men thought 
to have CRPC without metastasis 
found nearly one third of patients 
to have metastatic prostate cancer.6 
And a recent large clinical trial in 
men with mCRPC, most of whom 
had bone metastases, showed fewer 
than 50% of patients were receiving 
a bisphosphonate.7

This article reviews these three 
agents and the new roles they play 
in the ever-changing armamen-
tarium of treatments for mCRPC. 
The potential benefits of these 
agents are discussed, as well as the 
continuing use of these agents and 
their earlier introduction in the 
patient with progressive mCRPC 
with bone metastasis.

Zoledronic Acid
The first reference in the urology 
literature with regard to androgen 
deprivation therapy (ADT) and 
osteoporosis and/or fracture was 
in 1997.8 Five years later, with the 
US Food and Drug Administration 
(FDA) approval of zoledronic acid, 
a new era in bone-targeted thera-
pies began. Zoledronic acid was a 
potent intravenous bisphospho-
nate; it was approved to treat men 
with mCRPC and bone metas-
tasis who were progressing after 
initial ADT. In the pivotal trial, 
which compared 15 doses of zole-
dronic acid every 4 weeks with a 
placebo, it was able to decrease the 
rate of SREs by 25% versus pla-
cebo (Figure 1).9 Zoledronic acid 
was clearly more effective than 

any other bisphosphonate10,11 and 
was also found to be effective in 
treating bone loss associated with 
ADT.12 In a longer-term review of 
zoledronic acid efficacy in patients 
who received 24 months of therapy, 
the median time to an SRE was  
321 days in the placebo group 
 versus 488 days in the zoledronic 
acid, 4 mg, arm. The decrease in 
the rate of SREs increased to 36% 
in the treatment group versus the 
placebo group.13 

The results of treatment were 
measured by the reduction in SREs 
and fractures, but also by changes 
in bone turnover markers.5 Bone 
turnover markers were not only 
predictive of SRE/fracture risk, 
but also a predictor for death.14 

Zoledronic acid was somewhat lim-
ited in its adoption because it had 
renal toxicity. It was limited in this 
group of generally older patients 
who had declines in renal function; 

this included both age-related and 
prostate cancer–specific declines.  
Zoledronic acid also was associ-
ated with two other side effects of 
clinical significance. As a potent 
antiresorptive, it could cause sig-
nificant hypocalcemia and calcium 
supplements for patients were rec-
ommended. It also had an effect at 
the level of the mandible, causing 
a problem known as osteonecrosis 
of the jaw. Therefore, when admin-
istering this drug, calcium moni-
toring, an oral examination, and 
instruction in good oral hygiene 
were recommended. Acute phase 
reactions, such as fevers, myalgias, 
and fatigue were also more com-
mon than placebo in the pivotal 
trial for zoledronic acid.9

Zoledronic acid does cause a 
modest improvement in pain 
and analgesic scores over time. 
Zoledronic acid reduced bone pain 
compared with placebo in patients 

0 90 180 270 360 450 540

214
221
208

Zol 4 mg:
Zol 8/4 mg:

Placebo

163
155
149

113
102
100

92
68
69

70
48
43

5
4
1

0
0
0

110

%
 W

it
h

ou
t 

th
e 

Ev
en

t

0

10

20

30

40

50

60

70

80

90

100

Time After the Start of Study Drug (d)

Zol 4 mg
Zol 8/4 mg
Placebo

Figure 1. Kaplan-Meier estimates of event rates for time to the first on-study skeletal-related event for all 
intent-to-treat patients with metastatic prostate cancer randomly assigned to receive zoledronic acid (Zol) at 
4 mg, zoledronic acid at 8/4 mg, or placebo. The number of patients at risk at each time point is shown in 
the table below the graph. Reproduced with permission from Saad F et al.9

Zoledronic acid reduced bone pain compared with placebo in 
patients with bone metastases from CRPC, regardless of the base-
line pain status, and appeared more efficacious when initiated 
before the onset of pain.
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cohort of high-risk prostate cancer 
patients who were castrate resistant 
but without bone metastasis. High 
risk was defined as rapid prostate-
specific antigen (PSA) doubling 
times (, 10 mo) and/or a PSA . 
8 ng/mL. Patients were random-
ized to either denosumab given 
at 4-week intervals or a placebo 
and were then monitored for the 
development of bone metastasis. 
Traditional technetium bone scans 
were utilized for the detection of 
metastasis. The results showed that 
denosumab significantly prolonged 
bone metastasis–free survival and 
delayed time to bone metastasis 
in high-risk patients (Figure 3). 
However, equally important, the 
overall survival did not change with 
this positive delay in the develop-
ment of bone metastasis. Thus, the 
limitation of these bone-targeted 
agents is the lack of a survival advan-
tage with either zoledronic acid or 
denosumab. Denosumab appears 
to be somewhat more effective and 
easier to tolerate than zoledronic 
acid because of its lesser renal  
toxicity and acute phase reactions. 
It does, however, seem to carry a 

The measurement of bone turn-
over markers was also helpful in 
predicting outcomes with deno-
sumab. One advantage of deno-
sumab, as a monoclonal antibody, 
was its lack of nephrotoxicity and 
lack of dose reduction in moderate 
renal insufficiency. Similar to zole-
dronic acid, denosumab can also 
cause hypocalcemia and osteone-
crosis of the jaw. Additionally, lon-
ger-term studies from prolonged 
use of denosumab demonstrate the 
risk of osteonecrosis of the jaw is 
cumulative.18 Acute phase reactions 
were less common with denosumab 
than seen previously with zole-
dronic acid. Denosumab was effec-
tive in preventing fractures and 
bone loss associated with ADT for 
advanced prostate cancer.19 Finally, 
denosumab appears to prevent pro-
gression of pain severity and pain 
interference more effectively than 
zoledronic acid.16

Denosumab significantly pro-
longed bone metastasis–free sur-
vival and delayed time to bone 
metastasis in a large, random-
ized, placebo-controlled trial.20 
This provocative study looked at a 

with bone metastases from CRPC, 
regardless of the baseline pain sta-
tus, and appeared more efficacious 
when initiated before the onset 
of pain. Results from the original 
zoledronic acid pivotal trial also 
suggest that this compound pro-
vided ongoing clinical benefit, 
regardless of the patient’s history 
of SREs.13,15 Thus, it is reasonable 
to treat patients with zoledronic 
acid for as long as it is tolerated or 
until the patient experiences a sub-
stantial decline in performance sta-
tus. However, zoledronic acid was 
unable to demonstrate a survival 
advantage in this group of patients 
with CRPC and bone metastases.

Denosumab
The next advance in bone-targeted 
therapies was the introduction of 
denosumab. Denosumab is a human 
monoclonal antibody with high 
affinity for the receptor activator of 
nuclear factor κB (RANK-ligand). 
It also functions as a potent antire-
sorptive, similar to zoledronic acid. 
Its mechanism of action involves 
blocking the feedback loop between 
osteoclasts and osteoblasts by bind-
ing to the RANK ligand and inter-
rupting the binding of RANK 
ligand to the osteoclast. This dif-
fers from the effect zoledronic 
acid has on osteoclasts by its direct 
deposition in the bone matrix, thus 
blocking osteoclast activity. In the 
zoledronic acid versus denosumab 
pivotal trial, denosumab proved 
superior in preventing SREs (Fig- 
ure 2).16,17  The median time to first 
SRE in the study was 3.6 months 
longer in the denosumab group ver-
sus the zoledronic acid group.16 This 
trial was similar to the prior piv-
otal zoledronic acid trial in design, 
involving men with CRPC with 
bone metastasis progressing after 
initial hormonal therapy, but dif-
fered in that it was a head-to-head 
study of two active drugs versus a 
placebo-controlled trial. 
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basis for FDA approval. Other limi-
tations to Sr-89 and Sm-153 include 
that they are renally excreted; this 
is not ideal in patients with genito-
urinary cancers. Overall, Sr-89 and 
Sm-153 provide some palliation of 
pain, but this comes at the potential 
expense of significant hematologic 
toxicities and without demon-
strated overall survival benefit. As  
b-emitters, both of these agents can 
have significant myelosuppressive 
effects. Strontium, in particular, 
with a longer half-life and higher 
energy b particle, is more likely 
to cause myelosuppression than 
samarium. These agents are thus 
used as one-time therapies and can 
only be repeated with recovery of 
hematologic function.

Radium Ra 223 dichloride is 
a targeted a-emitting particle of 
short range (, 100 μm) distinctly 
different from Sr-89 and Sm-153. 
It is bound into the bone stroma, 
especially within the microenvi-
ronment of the osteoblastic metas-
tases. The subsequent radiation 
causes a break in double-stranded 
DNA leading to a localized cyto-
toxic event. The short path of the a 
particle minimizes the side effects 
on adjacent healthy tissues and 
bone marrow elements. This favor-
able safety profile led to trials with 
this agent that utilized multiple 
repeat doses.

In the pivotal trial for radium  
Ra 223 dichloride, the Alpharadin 
in Symptomatic Prostate Cancer 
trial (ALSYMPCA),24,25 the pri-
mary endpoint was overall sur-
vival.24  The study consisted of 
patients with histologically con-
firmed progressive CRPC with bone 
metastases (Figure 4). The patients 
were required to be symptomatic 
with regular use of analgesics or 
could have received prior external 
beam radiotherapy in the 12 weeks 
prior to enrollment for palliation 
of bone pain. Patients had a PSA of 
. 5 ng/mL and none had received 

radiopharmaceuticals were available 
in the US market. These included 
strontium-89 (Sr-89) and samar-
ium-153 (Sm-153), both of which are 
b-emitting radiopharmaceuticals. 
These agents were approved for pal-
liation of painful bone metastases. 
Multiple randomized trials have 
been conducted with Sr-89 and 
Sm-153 in patients with mCRPC.21-23 
There was no demonstration of 
improvement in overall survival in 
phase 3 trials, although palliative 
benefits were seen that formed the 

slightly greater risk of osteonecro-
sis of the jaw.

Radium Ra 223 Dichloride
Radium Ra 223 dichloride was 
approved in the United States in 
2013 as a therapy for bone metastasis 
in mCRPC. It is a radioisotope and 
acts as a calcium mimetic. Much 
like osteoclast inhibitors, therapeu-
tic radioisotopes have a predilection 
to accumulate in high-bone-turn-
over sites. Prior to the approval 
of radium Ra 223 dichloride, two 
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of doses delivered in the treatment 
arm was six. Interestingly, signifi-
cant myelosuppression occurred 
in , 10% of patients.25 This point 
clearly demonstrates one of the key 
differences in a-emitting agents 
versus the b-emitting radiophar-
maceutical agents, specifically that 
they cause less myelosuppression. 
It should also be noted that in men 

and zoledronic acid but to a lesser 
degree. However, the phase 2 stud-
ies confirmed that normalization 
of bone turnover markers is also 
associated with an improvement 
in overall survival.4

In the ALSYMPCA trial, radium 
Ra 223 dichloride was administered 
at 4-week intervals for a total of six 
planned doses. The median number 

chemotherapy in 4 weeks prior to 
enrollment. No visceral metas-
tases were allowed except malig-
nant lymphadenopathy , 3 cm in 
the short axis. The endpoint was 
reached with a median overall sur-
vival of 14.0 months in the treatment 
group versus 11.2 months in the pla-
cebo group (Figure 5).24 All second-
ary endpoints showed benefit and 
included median time to first SRE, 
time to alkaline phosphatase pro-
gression, time to reduction or nor-
malization of alkaline phosphatase, 
and time to PSA progression. The 
time to first SRE is even more sig-
nificant when one reviews the study 
design. Other previous trials have 
included asymptomatic fractures 
identified on periodic bone scans/
surveys as an SRE. The ALSYMPCA 
trial included only symptomatic 
fractures as an SRE. The original 
publication thus refers to an SRE as 
a SSE (a symptomatic skeletal event).

Much like sipuleucel-T,26 mod-
est PSA responses are associ-
ated with the use of radium Ra 
223 dichloride. The effects on 
bone turnover markers mirrors 
the prior results with denosumab 
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and prolong overall survival. The 
National Comprehensive Cancer 
Network 2013 Guidelines have 
for the first time included radium  
Ra 223 dichloride as a treatment for 
advanced mCRPC.28

Conclusions
A number of unanswered ques-
tions emerge from the addition of 
radium Ra 223 dichloride to the 
treatment paradigm for advanced 
prostate cancer. Some consider-
ations include optimal treatment 
doses and whether repeat dosing is 
an option with modest cumulative 
myelosuppression. In addition, fur-
ther research into the role of bone 
turnover markers may help in the 
sequencing of drugs because they 
are accurate predictors of survival. 

Other areas of interest include 
combining radium Ra 223 dichlo-
ride with other bone-targeted 
agents, such as denosumab and 
zoledronic acid. This can cor-
relate with the denosumab pre-
vention trial, possibly suggesting 
an earlier role for radium Ra 223 
dichloride because it has a proven 
survival advantage for metastases.  
On a related note, further studies 
may investigate if second-line hor-
monal agents such as abiraterone 
or enzalutamide should be added 
sequentially or concurrently to 
radium Ra 223 dichloride.

As seen in the ALSYMPCA trial, 
many physicians do not treat the 
majority of patients with symp-
tomatic bone metastases with zole-
dronic acid or denosumab. Less 
than 50% of patients enrolled in 
the pivotal trial were using bone-
targeted therapy.23 Even if they had 
a prior SRE and palliative external 
beam radiotherapy, there appears 
to be a benefit. In the extended 
zoledronic acid trials, additional 
efficacy was seen with longer use of 
bone-targeted therapy. 

In treating SREs associated  
with mCRPC, a multidisciplinary 

grade 3 toxicity and no grade 4 tox-
icities were noted.25

In the ALSYMPCA trial, a num-
ber of interesting facts are noted. 
Prior treatment with docetaxel 
was not required, and nearly 45% 
of patients were in this category. 
This is consistent with the large 
number of men with mCRPC who 
never receive chemotherapy.22,27 
Therefore, the study clearly 
addresses an unmet need in a large 
proportion of men with mCRPC. 
All patients enrolled in this trial 
had symptomatic bone metasta-
sis and yet less than one half were 
being treated with a bisphospho-
nate. This is not only typical of 
many clinical trials in advanced 
prostate cancer, but is true in 
clinical practice as well. Men who 
presented with a better Eastern 
Cooperative Oncology Group per-
formance status at baseline had 
a significantly better response 
to radium Ra 223 dichloride— 
yet another study that supports 
earlier intervention.

Radium Ra 223 dichloride rep-
resents a novel advance in bone- 
targeted therapies for men with 
CRPC and bone metastases. It 
marks the first agent available with 
the ability to both prevent SREs 

who had previously been treated 
with docetaxel, significant myelo-
suppression was more common.

An exploratory endpoint of the 
ALSYMPCA trial showed a sig-
nificantly higher percentage of 
patients who received radium  
Ra 223 dichloride, as compared 
with those who received placebo, 
had a meaningful improvement in 
the quality of life according to the 
Functional Assessment of Cancer 
Therapy-Prostatic (FACT-P) total 
score (ie, an increase in the score of 
$ 10 points on a scale of 0 to 156, 
with higher scores indicating a bet-
ter overall quality of life) during 
the period of study-drug adminis-
tration (25% vs 16%; P 5 .02). The 
mean change in the FACT-P total 
score from baseline to week 16 sig-
nificantly favored the radium Ra 
223 dichloride group, as compared 
with the placebo group (22.7 vs 
26.8; P 5 .006).25 

Additional toxicity with radium 
Ra 223 dichloride is most com-
monly seen in the gastrointestinal 
tract. This includes nausea, vom-
iting, constipation, and diarrhea. 
This occurs as a consequence of its 
unique excretion, predominantly 
into the small intestine. Very rarely 
did these side effects ever reach 
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Figure 6. A multidisciplinary approach to the management of patients with hormone-refractory prostate 
cancer. Adapted with permission from Taneja SS, Rev Urol. 2003;5(suppl 3):S85-S91.
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•  In treating SREs associated with mCRPC, a multidisciplinary approach to treatment has been suggested. This 
paradigm can include treating physicians (urologists, medical oncologists, radiation oncologists) along with 
support physicians (eg, pathologists, radiologists, psychiatrists) and supportive staff (eg, nurse coordinators, 
social workers, physical therapists).  Barriers to this suggested multidisciplinary approach may include comorbid 
disease, functional limitations, and/or economic/social restrictions.
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Activity Evaluation Form and Application for Continuing Medical Education Credit
Emerging Therapeutic for the Treatment of Skeletal-related Events Associated With Metastatic Castrate-resistant Prostate Cancer

Instructions to Receive Credit
In order to receive credit for this activity, the participant must complete the post-test available online at mrcme-online.com. The passcode for this activity is urology001.

I am a:  MD      DO      PharmD      RN      NP      PA      Other 

Upon completion of this activity, participants will be able to: Strongly Disagree Disagree Agree Strongly agree

•  Discuss the clinical relevance of skeletal-related events in castration-resistant 
prostate cancer (CRPC) and approved therapies that are effective in preventing 
these events  

1 2 3 4

•  Review NCCN Guidelines and Best Standard of Care (BSC) for men with CRPC 1 2 3 4

•  Identify emerging radio-oncologic therapies and mechanisms of action with 
regard to the treatment of CRPC and bone metastases 1 2 3 4

•  Identify the role of radiopharmaceuticals in the treatment  paradigm for CRPC 1 2 3 4

•  Discuss the benefits of a multidisciplinary approach in the treatment of men 
with CRPC and bone metastases 1 2 3 4

Please indicate the extent of your agreement with the following statements: Strongly Disagree Disagree Agree Strongly agree

•  This activity was effective 1 2 3 4

• Overall, was this activity free from bias?
  Yes
  No

• Of the patients you will see in the next week, about how many will benefit from the information you learned today?
  More than 50
  26 to 50
  11 to 25
  1 to 10
  Not applicable

• Based on what I learned in this activity, I will improve my practice by incorporating the following (check all that apply): 
  Improved diagnosis/patient assessment
  Useful therapies and appropriate uses 
  Cutting-edge  science in this therapeutic area
  Best practices of my colleagues and leaders
  I do not plan to make any changes to my practice at this time
  Other (explain) 

• Which ONE delivery method do you find the most effective for CME/CE learning? 
  Live symposia at national/regional conferences
  Live local meetings
  Live grand rounds 
  Internet webcasts
  Internet/print monographs
  Other (explain)      

• Please rate the professional practice value of each of the following in terms of improving your practice:

Least Valuable Somewhat Valuable Valuable Most Valuable

This CME activity 1 2 3 4

Direct to consumer advertising 1 2 3 4

Sales representative visits 1 2 3 4

Promotional/other non-certified education 1 2 3 4

•  Based on your experience, which of the following are the primary barriers to implementing changes in practice  
(check all that apply): 

  Lack of knowledge regarding evidence-based strategies
  Lack of convincing evidence to warrant change
  Lack of time/resources to consider change
  Insurance, reimbursement or legal issues
  Other (explain)

• What motivated you to participate in this activity? 
  CME credits
  Faculty
  Topic or Therapeutic area
  Format type
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SELF-ASSESSMENT POST-TEST
Emerging Therapeutic for the Treatment of Skeletal-related Events Associated With Metastatic Castrate-resistant Prostate Cancer

1. Skeletal tumor burden and fracture are both independent predictors of death in men with metastatic CRPC.
  A. True
  B. False

2. Which of the following clinical medical specialists are considered leaders in the multidisciplinary approach for treating a patient 
diagnosed with symptomatic metastatic CRPC?

  A. Urologists 
  B. Oncologists
  C. Radiation Oncologists
  D. All of the above

3. Which of the following FDA-approved pharmaceuticals approved for treatment of skeletal-related effects (SREs) in metastatic CRPC 
patients have also shown increases in overall survival?

  A. Zoledronic Acid
  B. Denosumab
  C. Radium-223 chloride
  D. All of the above

4. MH is a 63-year-old white man who has been treated for metastatic CRPC and has received radiotherapy. His PSA decreased to 
1.0 ng/mL 1 year ago, but has since increased to 11.0 ng/mL. He has complained of skeletal-related pain in his left femur. A bone 
scan shows two active masses in the left femur, indicative of symptomatic CRPC with bony metastases. Which of the following is an 
indicated treatment?

  A. Watchful waiting
  B. Dutasteride
  C. NSAIDs and radium Ra 223 dichloride
  D. Hormone therapy alone
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